A lot of research has been carried out in the field of Low-pressure water hydraulics (LPWH) over the last decade. The aim is to develop a fluid power technology that combines good characteristics of water hydraulics and pneumatics. The pressure medium is pure tap water, which ensures environmental safety and good controllability of water hydraulics. On the other hand aim is to achieve low price level of pneumatics. The pressure level is between 10 and 40 bar, which allows the use of low-cost materials such as plastics. [1] In oil hydraulics proportional valves are basic components in controlling actuators but in LPWH the problem is the lack of suitable valves. The demand for low price level sets strong limits for valves used in controlling LPWH systems. The most cost-effective solution is the use of on/off valves. These valves are reliable, cheap and they already exist on the market [2] . A lot of research has been carried out lately on this area and the results show that on/off control gives quite good position control results. [3] , [4] , [5] [6], [7] In A difficulty in using a flow control valve in controlling a bi-directional actuator is that the flow control valve can only control the flow rate through the valve and not the direction. That is why the system has a 4/2-way on/off valve to change the direction and only the velocity is controlled with the flow control valve. The fl ow control valve is installed to control the flow from the cylinder.
VELOCITY CONTROLLERS
The velocity control was done with both open and closed-loop control. Open-loop velocity control is very simple and doesn't need velocity feedback. Open-loop velocity control is realized simply by measuring the cylinder velocities with different valve controls. Measured velocities with both valves are presented in fi gure 2.
Measured velocities with proportional directional valve are presented with stars in figure 2 . The maximum velocity in extending movement is 460 mm/s and in retracting movement 410 mm/s. The curve is smooth and quite linear except around zero velocity where there is a dead band of about 2 V. The velocity values are also precise when measured several times since the hysteresis of the valve is low [6] .
Measured velocities with flow control valve are presented with circles in figure 2 . The maximum velocity in extending movement is 710 mm/s and in retracting movement 570 mm/s. The velocities are different to different directions because the maximum fl ow rate through the valve is 30 1/min. The flow rate from the unsymmetrical actuator to tank is larger in retracting movement and hence the maximum velocity in this direction is smaller. The shape of the curve with this valve is also quite good. However the valve has quite high hysteresis, which creates variation to the measurements.
From these curves it can be seen what kind of valve opening is needed to achieve a certain velocity. A drawback in this open-loop control is that the relation between the valve control and the piston velocity has to be known accurately. If conditions are not constant, for example if a load force is changing, the accuracy of velocity decreases since there is no feedback. controller is used to reduce velocity error. Figure  3 shows a block diagram of the velocity controller.
In the open-loop velocity control the integral gain is set to zero and hence the integrating term has no effect to the control.
In the closed-loop control the feedforward gain, which is less than 1, is needed to reduce the effect of feedforward term. The reduction of feedforward term is needed to reduce overshoot. 
